
To exploit fully the advantages of speed
and mobility made possible by the motor
vehicle, the tank, and the airplane, the new
Army had to have maps charting areas deep
within enemy territory. The Corps of Engi-
neers, guided by the plans and policies of
G-2 of the War Department General Staff,
worked out the technical details and troop
organization to meet demands for large
quantities and different types of military
maps. Essential to the accomplishment of
this task were the motor vehicle and the air-
plane, but most of all the airplane and its
potential product, aerial photography .

Topographic maps, which present both
horizontal and vertical positions of terrain,
are needed for most military operations . For
making plans involving a large combat area,
command and staff headquarters require
general maps of a scale smaller than
1 : 1,000,000 and strategic maps of some-
what larger scale that show the relief, the
major systems of communication, bodies of
water, and centers of population . Air force
navigators use charts of similar scale for
long-distance flights . The stabilized trench
warfare of World War I accustomed Ameri-
can artillery units to the highly accurate
large scale-1 :20,000-battle map for fir-
ing on unobservable targets, and the Field
Artillery clung to this map despite the dis-
tinctively mobile characteristics of the new

CHAPTER III

Effects of Aerial Photography
on Mapping and Camouflage

Army. Even in a war of movement, the Field
Artillery insisted, it must have such large-
scale battle maps in order to reduce enemy
strongholds and thus open the path for the
advance of infantry and armor. Between
the extremes of the strategic map and the
precise battle map are tactical maps of scale
1 : 100,000 and larger which are of primary
interest to field commanders for selecting
routes, controlling troop movements, and
locating the enemy. Exact representation of
transportation systems down to the measure-
ment of roads is shown on the tactical map .
If tactical and battle maps are not available,
troops can secure terrain information from
the more quickly prepared map substitutes .
The photomap, for example, is an aerial
photograph to which are usually added grid
lines, contours, and place names, as well as
indications of scale and direction . Although
more difficult to interpret, map substitutes
yield much more information than the hasty
field sketches relied upon before advent of
the airplane .

Mapping Techniques

Before development of the airplane and
aerial photography, maps were prepared
from data gathered by survey parties . Even
with highly refined instruments for measur-
ing distances and angles, such field surveys
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are time-consuming and costly . In rough
terrain, forests, and swamps this work is
especially difficult ; in enemy territory it is
virtually impossible because field parties
have to occupy the ground they survey .

Freedom from dependence upon ground
surveys was forecast during World War I,
when Maj . James W . Bagley, a former
civilian employee of the U .S. Geological
Survey and a pioneer in American photo-
mapping, brought his recently invented tri-
lens camera to France . Bagley's camera took
one vertical and two oblique photographs
and in that way produced a much larger
picture than the single lens camera pre-
viously used . Study of these photographs
enabled topographic engineers to overprint
the sites of enemy trenches and gun em-
placements on existing base maps. These
experiments had more bearing on later de-
velopments than on the immediate mapping
effort because there seemed little chance of
improving the existing coverage of the West-
ern Front with photomapping equipment
and technique:, then available. But the Chief
Engineer, AEF, recognized the potential
value of aerial mapping and collected much
material for the guidance of future research .

Soon after the Armistice, Bagley was
placed in charge of a small Engineer de-
tachment at Wright (then McCook) Field
to work with the Air Service in applying
aerial photography to military mapping .
Although the 'Wright Field detachment sel-
dom exceeded two officers, six enlisted men,
and a few civilians, it gradually provided a
nucleus of expert photogrammetrists . In the
course of his experiments, Bagley developed
a five-lens camera, the T-3A, which became
the standard mapping camera of the thirties .
The aerial photographs taken by this cam-
era, or any other for that matter, convey
only a relative idea of relief and of distances .

FIVE-LENS CAMERA, T-3A
With preliminary knowledge of distances
between several points on the photograph,
topographers could compute the remaining
measurements so as to prepare a two-dimen-
sional or planimetric map, but field surveys
were still necessary to determine every ele-
vation or contour line that would show up
on a three-dimensional topographic map.
To eliminate the production bottleneck en-
tailed by survey operations, map makers
required instruments for determining eleva-
tions directly from' the photograph .'

In 1936 1st Lt. Benjamin B. Talley of the
Engineer detachment at Wright designed a
simple stereoscopic plotting instrument for
this purpose . By viewing overlapping aerial
photographs through a stereoscope, topog-
raphers could obtain an impression of the

' (1) Engr Bd Hist Study, Photomapping, pp . 1-
9, 23-25, 28 . (2) Historical Report of the Chief
Engineer, Including All Operations of the Engineer
Department : American Expeditionary Forces, 1917-
1919, pp. 95-97 .

Unless otherwise noted this section and the sec-
tion following are based upon correspondence in
ERDL file, MP 205 .
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terrain in relief from which they could
sketch the lay of the land . Talley combined
the stereoscope with measuring and drawing
attachments. With this device and the aid
of special mathematical tables, a topog-
rapher could determine vertical distances
fairly accurately. The new instrument, the
stereocomparagraph, was small and port-
able and could be carried into the field to
make maps good enough for reconnaissance .
It was not sufficiently refined for preparing
the battle maps desired by the Field Artil-
lery, however, unless a large number of
points of elevation were known?

More refined stereoscopic instruments
had been developed abroad . By 1936 the
Engineer detachment had studied a number
of these instruments and had narrowed its
choice to the aerocartograph and the mul-
tiplex aeroprojector, both of which were
made in Germany by Zeiss. The aerocarto-
graph was slightly more accurate, but it was
also more expensive, more difficult to oper-
ate, and almost impossible to move about .
The detachment chose the multiplex set,
but even this weighed about 1,800 pounds
and required shelter f or operation . The mul-
tiplex set consisted of a number of delicate
instruments for measuring the spatial pro-
jection of images of the landscape . During
1936 and :11937 the Field Artillery tested
topographic maps which the Engineer de-
tachment prepared with the multiplex set .
Although these maps depicted areas extend-
ing from 12 to 20 miles into unsurveyed ter-
ritory, they were almost as accurate as the
Field Artillery desired . To eliminate reli-
ance on foreign sources, the Engineer Board
persuaded the Bausch and Lomb Optical
Company, an American manufacturer of
microscopes, lenses, and scientific instru-
ments, to add the multiplex to its list of
products. Working closely with the Engi-

neer detachment, Bausch and Lomb im-
proved the design, lenses, and lighting of
the German model so as to produce sharper
images of the landscape. By February 1939
the first American multiplex had appeared .
Multiplex sets were subsequently assigned
to two of the three engineer mapping units,
the army topographic battalion and the base
topographic battalion.'

Production of the battle map was the
army topographic battalion's main task .
Tactical maps would be compiled as time
allowed because at the outset of any con-
flict in a theater where map coverage was
scanty, it would be impossible for topo-
graphic units to prepare both . Reproduc-
tion of existing maps was a major task for
all topographic echelons . The army battal-
ion could reproduce large quantities of maps
in dimensions up to 22x28 inches, but in
case it could not meet demands within its
area, it could call upon the base battalion
for assistance. Further potential sources of
map supply were the Engineer Reproduc-
tion Plant at Washington, which was staffed
by civilians under military administration
and which had fairly elaborate lithographic
equipment, and a number of federal agen-
cies, such as the U .S. Geological Survey,
which compiled original maps for various
purposes, using modern photogrammetric

Z (1) CE Sup Catalog, Pt . II, 1942 . (2) TM
5-240, Aerial Photography, 10 May 44 .

s (1) Ann Rpts Engr Bd, 1935-39. (2) Special
Rpt 1-205, Engr Det, 26 Feb 37, sub : Preparation
of Fire Control Data Sheets, Ft . Bragg, N . C., 1936 .
Topo Br Engr Intel Div file, 061 .1A. (3) TM 5-
244, Multiplex Mapping Equip, Jun 1943 . (4)
Engr Bd Rpt 599, 11 Dec 40, sub : Interim Rpt for
the Period 1 Jul 35-1 Dec 40 . (5) Capt . B. B. Tal-
ley, "The Mass Production of Maps," The Military
Engineer, XXXI (May-June 1939), 194 . (6) Engr
Bd Hist Study, Photomapping, pp . 5-6 .

The engineer base topographic battalion was at
this time and until late 1943 the engineer topo-
graphic battalion, GHQ .
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techniques. Lower echelons in the army
would ordinarily be served by the corps
topographic company, which had been
formed when the shift from the square to
the triangular division eliminated mapping
from that organization. Like its predecessor,
the mapping section of the engineer com-
bat regiment, but on a much broader scale,
the corps company had the job of repro-
ducing existing maps and of preparing pho-
tomaps and other types of map substitutes .'

Substitution of photomapping for time-
consuming ground surveys offered great ad-
vantages to all topographic units, but this
change-over had its disadvantages also . The
new mapping techniques placed the Corps
of Engineers in a position of dependence
upon the Air Corps . The Air Corps had
photographic requirements of its own in
preparing charts for strategic and tactical
planning, for long distance navigation, and
for plotting target areas . The Air Corps also
had to fly reconnaissance missions for the
Army. To the conflict of interests likely to
arise from this multiplicity of tasks, there
was added the fact that mapping photog-
raphy called for a higher degree of skill and
more complex aircraft than did charting
photography or reconnaissance . "I doubt if
there is any flying . . . that is more difficult
than . . . high altitude mapping photog-
raphy," declared Captain Talley . "It is
more difficult than bombing because 95 per-
cent of the time on a bombing mission the
pilot is flying `across country,' the other
5 percent of the time he must fly very pre-
cisely." s For mapping, these figures were
reversed . Mapping required flights at alti-
tudes of 20,000 feet . The Air Corps had to
crowd in as many flights as possible when-
ever weather permitted. Unless the pilot flew
in parallel straight lines close enough for
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the photographic strips to overlap, there
were either too many or too few prints. An
excessive number of prints slowed down
compilation, but too few left gaps in the
map and necessitated reflight . The pilot
had to maintain a uniform altitude and
avoid tip and tilt of the plane to keep the
photography in proper perspective .

The relative crudeness in aircraft design
and navigational equipment made these
operations strenuous even in peacetime . At
high altitudes photographic crews some-
times fainted from lack of oxygen or suffered
frostbite from cold . It was therefore tempt-
ing to gloss over this work, losing sight of
specifications, and consequently multiply-
ing the complexities of preparing the final
map. In 1937 the Engineers began to ex-
press doubt that the Air Corps could do the
work satisfactorily unless aircraft assigned
to photographic missions were radically im-
proved . The Chief of the Air Corps in turn
expressed a desire for an exact statement of
the Engineers' photographic requirements .
Once specifications were set down in detail,
the Air Corps could determine what per-
sonnel, planes, cameras, and other equip-
ment had to be provided .'

From Wright Field, Capt . Louis J .
Rumaggi suggested that in many respects
the specifications for photographic and for
high altitude bombers were the same . But
1st Lt. Richard R . Arnold who headed the

4 (1) Ltr, ExO Engr Bd to CofEngrs, 27 Jun 39,
sub : Orgn and Equip for Corps Engr Map Unit,
with 1st Ind, 19 Jul 39 . 320.2, SP 286, Pt . 1 . (2)
Engr Bd Rpt 583, 27 Sep 39, sub : Corps Map
Unit. (3) FM 5-5, Troops and Opns, 31 Jan 41 .

L Memo, Talley for 1st Lt Richard R . Arnold, 11
Dec 39, sub : Cameras and Photo Airplanes. ERDL
file, MP 205 .

a (1) AAF FM 1-35, Aerial Photography, 3 Dec
42. (2) Engr Bd Rpt 531, 10 Feb 38, sub : Rpt
on Aerial Photos for Preparing Maps . (3) Engr
Bd Hist Study, Photomapping, p . 92 .
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mapping section at the Engineer Board
questioned the feasibility of obtaining suit-
able wartime photographic coverage with
bombers. Not only were bombers unwieldy
and exposed to enemy attack, but they
would certainly be confined to their primary
task. "In time of war, bombers will be re-
quired for Air Corps bombing missions and
will not be available for photography when
they are needed. The largest number of
photographic mapping missions will prob-
ably be required immediately following the
outbreak of hostilities . It is during this time
also that there will be the greatest number
of bombing missions to destroy enemy fac-
tories and depots . Mapping missions will
undoubtedly suffer ." ' In the report which
he prepared for the Engineer Board in re-
sponse to the inquiry from the Chief of the
Air Corps, Arnold set forth the following
Characteristics as essential for planes as-
signed to mapping photography

a. A minimum service ceiling of 30,000 feet
or more

b. A size suitable and economical for its
mission

c. A maximum of visibility
d. Six hours endurance
e. A cruising speed of 200 m . p. h .
f. A gyro-pilot and provision for heating

and supercharging the cabin
g. Mounting for two T-3A [five-lens

cameras in tandem .'
Arnold took this opportunity to empha . .

size the advisability of close co-operation
between the Corps of Engineers and the Air
Dorps, urging the Air Corps +o activate a
photographic mapping squadron to work
with the base engineer topographic battal-
ion and to appoint a liaison officer to the
ngineer Board . The officer, Maj . Charles

' . Banfill, arrived soon after Arnold's report
was forwarded to the Air Corps in March
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1938 . The following September, Kingman
reopened the subject of the special plane
and the Air Corps indicated that lack of
funds was preventing its development . In
January 1939 this obstacle was seemingly
removed when the Air Corps received au-
thority to include in its budget a sum for
this purpose. These signs of activity on the
part of the Air Corps were encouraging to
the Engineers .'

The Air Force-Engineer Team

The Field Artillery, having followed Air
Corps-Engineer experiments with a special
interest because its requirements for accu-
racy in maps exceeded those of the other
arms, concluded that the application of
aerial photography to mapping was sound .
It was clear, the Chief of the Field Artillery
informed the Chief of Engineers in Novem-
ber 1937, that the basic problems had been
solved . Certain "refinements''-improve-
ments in quality and quantity-still had to
be achieved, but these were of less immedi-
ate concern to him than the clarification
of responsibilities between the Corps of
Engineers and the Air Corps . Although the
Engineers were inclined to think that their
relationship to the Air Corps was sufficiently
clear and that co-operative efforts with that
arm were producing good results, Kingman,

' Engr Bd Rpt cited n . 6 (2) .8 Ibid .
(1) Ibid . (2) Engr Bd Hist Study, Photomap-

ping, pp. 92, 94. (3) Ltr, ACofEngrs (Kingman )
to CofAC, 14 Sep 38, sub : Aerial Photos for Prepa-
ration of Mil Maps, with 1st Ind, 7 Oct 38, 3d Ind,
CofAC to CofEngrs, 6 Dec 38, and 5th Ind, TAG to
CofAC and CofEngrs, 5 Jan 39 . G-2 file, 183-Z-
382 . (4) Incl, n.d ., with Memo, ACofS G-3 for
G-2 et al., 26 Apr 40, sub : 1st Photo Squad . AG
file, 320.2 (3-25-40) .
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at the Field Artillery's insistence, forwarded
copies of the file to G-2 in March 1938 ."'

The correspondence came to Lt . Col. Or-
lando Ward, himself an artillery officer, for
handling. On 6 July, after getting the com-
ment of various interested parties, Ward
laid his conclusions before the Chief of Staff .
He called attention to the inadequacy of
existing coverage of the United States and
to the noteworthy progress in the field of
photomapping, and then advanced a new
and radical principle . In the event of war,
he declared, "the Army should be prepared
to map as it moves." Following a military
mapping service test to be held in the sum-
mer of 1939, Army regulations and field
manuals would be revised along these lines,
giving aerial photography the prominence
it had earned and defining the respective
duties of Air Corps and Engineers in peace
and war."

The camera used in this test was the five-
lens model T--3A which had been devel-
oped by Bagley at Wright Field. When two
T-3A's were placed side by side they pro-
duced a composite photograph that cov-
ered an area of about 400 square miles .
With this camera, the Air Corps' 91st Ob-
servation Squadron photographed an area
of 5,800 square miles in southern Califor-
nia between 10 March and 15 May 1939 .
This preliminary operation lasted over two
months because the weather was often un-
favorable. In the scheme of production, the
29th Engineer Topographic Battalion
(Army) first prepared planimetric sheets
which were issued as provisional maps.
Then multiplex operators determined ele-
vations and filled in contours by stereocom-
paragraph. For an extension of 42 miles
beyond surveyed territory, the average
errors amounted to 34 feet in elevation and
81 yards in horizontal position . Although

these maps were less accurate than those
prepared on previous tests, they covered
much greater distances . Furthermore, once
photography was in hand, the rate of pro-
duction was high . Starting on the fifteenth
day after delivery of photographs, the bat-
talion prepared 100 square miles of contour
maps a day."

On the whole the results of the military
mapping test were deemed favorable . Bas-
ing his conclusion on reports from lower
echelons, Maj . Gen. Albert J. Bowley, a
former artillery officer commanding the
Ninth Corps Area, commented that the
mapping at this test was acceptable both as
to speed and quality and recommended
adoption of the methods and equipment
used by the 29th Engineers . In this connec-
tion, Maj . Russel McK . Herrington of the
29th Engineers stated that the method of
map compilation from multi-lens photog-
raphy was faster than any other so far dis-
covered, and Col. W. Goff Caples, Engi-
neer, Ninth Corps Area, remarked that
"accuracy, while desirable always, is en-
tirely secondary to speed in the choice of
equipment and methods for making the
Battle Map ." 13

While equally enthusiastic about the pos-
sibilities of photomapping, a number of in-
dividuals saw room for improvement, par-
ticularly in equipment . From the west coast,
Air Corps and Engineer officers telegraphed

"Ltr, C of Fld Arty to CofEngrs, 24 Nov 37, sub :
Mil Mapping, with 1st Ind, 31 Jan 38, 2d Ind,
CofAC to CofEngrs, 10 Mar 38, and 3d Ind, ACof
Engrs (Kingman) to TAG, 16 Mar 38 . G-2 file,
229-1 .

"Memo, ACofS G-2 (initialed OW) for CofS,
6 Jul 38, sub : Mil Mapping. G-2 file, 061 .01 .

12 Engr Bd Rpt 589, 17 Jan 40, sub : Rpt on Mil
Map Sv Test, 1939 .

' 3 Rpt, Engr Ninth Corps Area to CG Ninth
Corps Area, 30 Sep 39, sub : Mil Map Sv Test, 10
Apr to 30 Jun 39 . ERDL file, MP 205 .
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to the War Department the urgent necessity
',for better aircraft . Kingman, commenting
on this demand, expressed understanding
of the many problems facing the Air Corps
and a willingness to accept the Air Corps'
assurance that the simple, inexpensive
plane currently furnished, the Beechcraft
F-2, was merely a step in the right direc-
tion, not the last word in design . Kingman
nevertheless took the opportunity to list
once more the special features that an air-
plane destined for photographic work
should have. In further comment to G-2
the Engineers stressed the inherent differ-
ences between mapping photography and
that which the Air Corps was required to
make for intelligence purposes . In order to
obtain pictures of extensive areas rapidly
and at a scale consistent with accurate de-
,lineation of terrain, mapping photography
had to be accomplished at high altitudes
with cameras of wide coverage. Intelligence
photographs, by contrast, had to be ob-
tained at relatively low altitudes in order to
acquire detailed information about the
enemy's position and installations . Such
photographs could be secured by semiskilled
personnel operating from simple observa-
tion planes. Mapping photography de-
manded not only special planes but also
special air force units to perform this work
to the exclusion of all other duties .14

Despite the generally favorable reaction
of the Field Artillery, Capt . Frederick J .
tau, in command of the Engineer detach-
ment, expressed doubt that the multi-lens
photography employed in the test permitted
compilation of sufficiently accurate maps .
The T-3A camera had originally been de-
igned for making planimetric maps, and,
owing to the presence of obliques which
surrounded the small center photographs,
vas not altogether adaptable to multiplex
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work. Oblique multiplex projectors pro-
duced errors of ten times the amount speci-
fied for projectors used in connection with
vertical photography . Not only was much
of the composite unfit for multiplex map-
ping, but the loss of detail away from the
center also reduced its value as a photomap .
Dau recommended replacing the T-3A
camera with a new single-lens wide-angle
camera which the Air Corps and the Corps
of Engineers were jointly developing . Like
many other valuable mapping instruments,
the camera with wide-angle lens had been
introduced in Germany by the Zeiss firm .
In 1936, upon the recommendation of a
German scientist employed by the Engineer
detachment, the Air Corps had purchased a
Zeiss wide-angle camera . Two years later
the Air Corps began to procure wide-angle
lenses from Bausch and Lomb and awarded
a contract for the camera bodies to the Fair-
child Aviation Corporation . This camera,
known as the T-5, was designed to regis-
ter tilt variations, altitude, and other data
on the film to facilitate compilation of the
map. The Engineer detachment concur-
rently adapted the multiplex for use with
wide-angle photography . Bausch and Lomb
again co-operated in this effort, and in De-
cember 1938 the Corps of Engineers or-
dered fifteen experimental wide-angle pro-
jectors from the firm ."

14 (1) Telg, Lt Col Charles B. Oldfield to TAG,
10 Jun 39, with 2d Ind, CofAC to CofEngrs, 22
Jun 39, and 3d Ind, ACofEngrs to TAG, 6 Jul 39 .
Topo Br file, SP 205, 207, 209 . (2) Memo, Col
James M. Churchill, Actg ACofS G-2, for CofS,
5 Apr 40, sub : Conversion of Three Attack Bomb-
ers to Photo Airplanes . G-2 file, 183-Z-382 .

1J (1) 1st Ind, 8 Sep 39, on Ltr, C of Dev Br to
CO Engr Det, 1 Sep 39, sub : Aerial Photo Map
Equip . 061 .1A, SP 205, Pt. 2 . (2) Ann Rpt OCE,
1936. (3) Ltr, ExO Engr Bd to CofEngrs, 19 Mar
42, sub : T-5 Cameras . 061 .1, SP 205 E, Pt . 1 .
(4) Engr Bd Rpt 668, 10 Apr 42, sub : Wide Angle
Map Equip .
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The T-5 camera took standard 9/2 -inch
film which could be printed more rapidly
than the several 6-inch films that made up
the multi-lens composite. Its photograph
covered an area more than twice as large as
the vertical part of the composite and thus
eliminated the excessively complicated rec-
tifications that accompanied use of oblique
photographs. A wide-angle photograph
could serve directly as a map substitute . All
this would save time for engineer topog-
raphers and[ increase accuracy . The T-5
camera also seemed preferable to the Air
Corps because it was lighter and more com-
pact than the T-3A and would thus be
easier to install in an airplane . But the T-5,
if employed singly to take vertical pictures
as the Corps of Engineers desired, would
make the Air Corps' task more difficult .
With the T-3A camera mounted in tan-
dem, flyers could space their courses about
eight miles apart. With the T-5 camera
they had to make twice as many runs .
Furthermore, as Major Herrington pointed
out, the T-3A had a great advantage over
the wide-angle equipment, namely, it was
already in production, whereas develop-
ment of the T-5 had progressed only to an
imperfect pilot model. When advantages
were weighed against disadvantages, how-
ever, the T-5 camera seemed vastly superior .
In March 19140, at a conference called by the
Corps of Engineers, representatives of the
General Staff, Air Corps, and Field Artil-
lery agreed to retain the older type of map-
ping equipment only as a stopgap until the
wide-angle camera and plotting accessories
became generally available ."

By this time revision of the Army regula-
tion and field manual was well on its way
toward completion . Ward, now secretary of
the General Staff, continued to display keen
interest in the project, although its details

had been turned over to Capt . Howard V .
Canan, an Engineer officer who had taken
Ward's place in G-2 . Before Canan were
the glowing reports of the military mapping
test. Unchallenged was Ward's "map as you
move" dictum . Unquestioned was the view
that battle maps were the most universally
desirable means of presenting terrain in-
formation. Unmentioned was the interfer-
ence to be expected from hostile aircraft .
All that was lacking, it seemed, were special
photographic planes manned by expert
crews. To Canan's dismay, G-3, which was
at this time headed by an Air Corps officer,
soon made clear its intention of permitting
this lack indefinitely, if not permanently .

To attain speed in the production of air-
craft, G-3 insisted, the number of types of
planes must be held to a minimum. Map-
ping photography was a natural adjunct of
Army reconnaissance, G-3 maintained . Re-
connaissance crews, taking intelligence
photographs at low altitudes in normal
weather, would be on hand for mapping
photography on the few days when clouds
were not present at high altitudes . Photo-
graphic missions were no more difficult than
bombing missions . Reconnaissance units
could be taught to produce the high quality
of photography desired ."

18 (1) Incl, Dau for C of Photo Lab AC Mat Div,
17 Oct 40, with Monthly Rpt Engr Det . ERDL file,
319.1 . (2) Ltr, Herrington to Capt F . Z. Pirkey,
C of Dev Br, 25 Aug 39 . 061 .1A, SP 205, Pt . 2. (3)
Proceedings and Transactions Mil Map Conf, 4-7
Mar 40 . ERDL file, Tech Intel Br . (4) Summary
Mil Map Conf, 4-7 Mar 4.0 . 061, Pt . 1 .

17 (1) Memo, Churchill, Actg ACofS G-2 (in-
itialed HVC), for CofS, 5 Apr 40, sub : Conversion
of Three Attack Bombers to Photo Airplanes, with
Incls. G-2 file, 183-Z-382. (2) Memo, Brig Gen
Frank M. Andrews, ACofS G-3, for ACofS G-2,
21 May 40, sub : Conversion of Three Attack Bomb-
ers to Photo Airplanes . Same file . (3) Ltr, Canan
to C of EHD, 7 Dec 55 .

I
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Canan revised his drafts only slightly to
conform to G--3's wishes . The need for the
manual and for consolidating gains thus
far obtained dictated an early publication
Oven though it was far from perfect . If ex-
erience demonstrated, as Canan believed it

would, that the Army's requirements could
trot be filled as easily as G-3 supposed, the
subject of special equipment and crews
could then be reopened. As finally published
in May 1940 the Army regulation and the
field manual on maps and mapping con-
tinued the "map as you move" doctrine
pending more extensive tests. The Air Corps
and the Corps of Engineers were the Army's
`mapping team," the Air Corps to furnish,
through reconnaissance units, specially
trained personnel operating from planes of
the light bombardment type . Systematic
collection, collation, and compilation of
maps and basic map data were to start at or
before the outbreak of hostilities, making
Possible immediate quantity production of
small-scale strategic maps. Field com-
manders could expect only crude maps and
snap substitutes at first, but within ten days
~o two weeks they should receive accurate
battle maps of areas of concentrated fight-
ing. Full coverage of the front by battle
traps would eventually be attained if the
tactical situation stabilized ."

As set up in 1940 the Engineers' corps
topographic company was equipped to
move with the army . For this unit the Engi-
ieer Board had developed a mobile map-
ping plant installed in a 2-ton trailer drawn
by a small truck. Since the unit's main job
vas the reproduction of maps, its main piece
of equipment was a power-driven multilith
press with a 17x19-inch printing area that
ould turn out several thousand maps an
hour. For making copies of sketches, trac-
ings, and drawings, there was a 9x13-inch
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hand-operated multilith, a 14x 18-inch fluid
duplicator, and a 24x30-inch black and
white reproduction set. A modest photo-
graphic outfit could produce 7x9-inch
photomaps from aerial negatives. A sepa-
rate truck carried an electric generator to
run the offset press and additional litho-
graphic, drafting, and surveying equip-
ment.'

Theoretically, the army topographic bat-
talion, whose principal job was to compile
battle maps, would also move with the army
in the field . As set up in early 1940 this
was almost physically impossible because the
multiplex and most of the unit's other equip-
ment had to be operated in permanent
structures . To pack, crate, and transport
its bulky, delicate impedimenta required
months of preparation . In June 1940 OCE
directed the Engineer Board to plan a mo-
bile map reproduction train for the battal-
ion, authorizing $125,000 for constructing
the pilot model. During the summer the
board and OCE bought operating equip-
ment and ordered eight 12-ton trailers to
arrange a completely mobile printing shop
with air conditioning, heating, and plumb-
ing. These trailers contained three 22x29-
inch offset presses, a 24x30-inch copy cam-
era, and other printing and photographic
facilities, including a darkroom, arc lamps,
sinks, shelves, racks, and tables . In addition
there were eleven cargo trucks for carrying
electric generators, water purification units,

Y8 (1) Memo, ACofS G-2 for CofS, 6 Jul 38, sub :
Mil Mapping. G-2 file, 229-1 . (2) AR 300-15, 7
May 40 ; cf. AR 100-15, 2 Jul 27 . (3) FM 30-20,
Mil Intel, Mil Maps, 1940 . (4) Ltr, Canan to C of
EHD, 7 Apr 56 .

" (1) Engr Bd Rpt 583, 27 Sep 39, sub : Corps
Map Unit. (2) 1st Lt. R. R. Arnold, "Map Repro-
duction Equipment for Combat Engineers," The
Military Engineer, XXX (March-April, 1938), 97-
100. (3) Engr Bd Rpt 510, 6 Oct 37, sub : Map
Reproduction Equip Status Rpt .
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maintenance equipment, and other supplies . Because contact prints were clearer and
A far more ambitious undertaking than the showed more detail than lithographic copies
corps mobile reproduction plant, the first of aerial photographs, the Engineer Board
mobile reproduction train was not com- sponsored the development of a mobile con-
pletely assembled until 1941, by which time tact printer that would operate at greater
the functions hitherto assigned the unit were speed than commercial models, but the de-
being called into question. Both the corps' signer failed to achieve the desired combina-
plant and the battalion's train were to un- tion of efficiency and lightness . The
dergo many changes after being put to the disappointment felt when the automatic
test in training and maneuvers ." contact printer turned out to be unsuitable

At Kingman's suggestion, Arnold inves- was mitigated by the fact that the Engineer
tigated the Air Corps' portable copying Reproduction Plant was making great im-
camera in December 1939 but found it un- provements in the quality of lithographic re-
satisfactory. A month later Arnold discov- production. Experts at the plant could pre-
ered a suitable commercial model which serve much detail by means of the halftone
could be used to make photographs up to process which involved the use of fine glass
24x24 inches . In order to utilize this camera screens. The main objection to adopting
in the field, the board first installed it in a these screens for field units was their cost,
special darkroom trailer . With the new scarcity, and fragility . The national output
equipment the corps company could make was about one screen every three weeks .
map substitutes itself without having to send After enlisting the co-operation of the East-
aerial negatives and lithographic plates back man Kodak Company, the plant succeededto a permanent installation for processing .
The Engineer Board also eliminated the
9x 13-inch offset press and the 14x18-inch

	

?O (1) Memo, ACofEngrs for ACofS G-3, Jan 40,
sub : Participation of 30th Engrs in the Intensivefluid duplicator from the corps plant be- Tng Maneuvers . 354.2, Pt . 6 . (2) Summary Mil

cause they were too small for overprinting Map Conf, 4-7 Mar 40. 061, Pt. 1 . (3) Ltr, ExO
standard map sheets. After the manufac- OCE to President Engr Bd, 5 Jun 40, sub : SP 319,

Mobile Map Reproduction Train, Topo Bn, withturer of the fluid duplicator expressed un- 2d Ind, Sup Sec to Engr Bd, 3 Jul 40 . Rqmts Br
willingness to experiment with a larger file, Engr Bd Misc Corresp . (4) Ann Rpt Engr Bd,
model, the board in June 1940 procured a 1941 .

commercial gelatin roll duplicator which

	

(1) Ltr, C of Dev Br to Arnold, 29 Nov 39, sub :commerc

	

P

	

Copying Camera, Air Corps . 061 .1A, SP 205, Pt .
could overprint the 22x29-inch battle map . 3. (2) 2d Ind, ExO OCE for C of Sup Sec, 1 Dec
Although normally this machine operated 39. ERDL file, 413 .52, MP 210 A . (3) Ltr, Arnold

satisfactorily, Arnold felt some misgivings to Rutherford Machine Co ., 12 Jan 40. ERDL file,
413.52. (4) 1st Ind, CO 30th Engrs to CofEngrs,

about it because the prints tended to fade 18 Oct 40, on Ltr, C of Sup Sec to CO 30th Engr
and in hot weather the roll gummed up. But Bn, 19 Sep 40, sub : Copying Camera. 320.2, SP

with both the black and white set and the
210 A, Pt . 1 . (5) Ltr, C of Sup Sec to CofEngrs, 16w Sep 40, sub : Rpt on Second Army Maneuvers .

gelatin roll duplicator, the company's mo- 354.2, Pt. 7A. (6) Ltr, ExO Engr Bd to CofEngrs,

bile plant was able to handle an du licat-

	

29 Jun 40, sub : Gelatin Roll Duplicators . 320.2,
plant P SP 286, Pt. 1 . (7) Ltr, ExO Engr Bd to CofEngrs,

ing work for the corps. Needed was an

	

11 Oct 40, sub : Duplicator Equip. 413.52, SP 210,
improvement in equipment for the produc- Pt. 1 . (8) Memo, Asst ExO Engr Bd for C of Dev

Br, 4 Dec 40. Same file. (9) Engr Bd Rpt 510, 6
tion of photomaps . 21

	

Oct 37, sub : Map Reproduction Equip .

I
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~n making acetate film contact screens at
low cost and in ever-increasing quantities ."

But even with this new process topo-
graphic companies could not produce ac-
ceptable phot:omaps. To exploit halftone
lithography they needed presses of greater
precision than. the relatively simple multilith
which had been the only commercial model
tight enough to install in the corps' mobile
trailer. In the summer of 1941 the Harris-
Seybold-Potter Company adapted a 17x22-
inch press especially for this purpose, and in
the fall delivered a revised model for print-
ing a 20x22-inch sheet . With aluminum in-
$tead of iron castings, the Harris press
weighed only 2,268 pounds-just half as
much as commercial presses designed for
Work of comparable quality . Army and base
topographic battalions, of course, also bene-
fited from the improvements in lithographic
techniques."

Divergent Opinions on the Team and
Modification o f Doctrine

In improving topographic equipment the
Engineers were trying to meet the challenge
Of "map as you move" and to assume a po-
ition of responsibility as a member of the
mapping team. But the fact remained that
the Engineers" task was easier than that of
the Air Corps . Presses were simpler to re-
design and to produce than were planes .
During the months when the United States
moved ever closer toward global conflict,
there arose a gnawing doubt whether the
Air Corps could carry out its part of the
job or whether the Engineers could pro-
duce maps fast enough to keep up with the
modern army.

At first the pressure remained upon the
Air Corps to equip and organize itself in
conformity with stated doctrine . By mid-
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summer 1940 the Engineers were hopeful
that the case for separate mapping photog-
raphy units would be won, this time on the
Air Corps' own initiative . On 2 July, the
Air Corps convened a board of officers
under the chairmanship of Major Banfill,
its liaison at the Engineer Board, to develop
a comprehensive program for aerial pho-
tography to meet the need for Air Corps
charts as well as Army maps. After hearing
witnesses from Infantry, Armor, Field Ar-
tillery, and Cavalry, from G-2, from OCE,
and from the Air Corps, Banfill's board re-
ported in favor of special organizations .
Photographic squadrons should be the sole
units charged with mapping photography
and they should obtain this photography to
the exclusion of all other types. Using four
areas in the Western Hemisphere which had
been indicated by the General Staff as pos-
sible theaters of operations, the Air Corps
board recommended the organization of
five photographic squadrons, three to be
activated at once . On 18 September 1940,
the Chief of the Air Corps approved these
recommendations "in principle," and di-
rected his staff to lay plans for putting them
into effect ."

22 (1) ERDL file, MP 304 . (2) Telg, Arnold to
Levy Camera Co., 17 Feb 40 . ERDL file, MP 210 A .
(3) Telg, Levy Camera Co . to Engr Bd, 19 Feb 40 .
Same file .

23 (1) Memo, C of Intel Sec for Kingman, 1 Jul
41, sub : Equip for Engr Cos (Topo) (Corps) .
Topo Br. Engr Intel Div file, SP 210. (2) 2d Ind .
ExO OCE to TAG, 18 Aug 41, on Ltr, ExO Office
of C of Fld Arty to TAG, 6 Aug 41, sub : Reproduc-
tion and Distr of Air Photos . 061 .02, Pt . 3 . (3) Ltr,
Arnold to Capt W . K. Wilson, Jr ., C&GS Sch, 1 Jul
41 . ERDL file, MP 304 .

24 (1) Proceedings of Bd of Offs Convened at
Washington, D. C., 2 Jul 40, for Purpose of Study-
ing and Making Recommendations re Photo
Problems. 320.2, Air Corps, Pt. 2 . (2) 4th Ind,
Office of CofAC to TAG, 30 Sep 40, on Ltr, ACof-
Engrs (Kingman) to TAG, 24 Jun 40, sub : Air
Corps Units for Map Photo. Same file .
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But winter came and went without action,
and G-2, prodded by the Engineers,
showed signs of impatience. Concern cen-
tered primarily around the lack of suitable
aircraft and trained photographers, but
there were other matters that needed set-
tling. The Engineers were beginning to shy
away from the doctrine that the Army must
map as it moved, at least if this were inter-
preted as starting from scratch and supply-
ing large-scale maps or even photomaps . An
army topographic battalion could supply
battle maps covering approximately 100
square miles per day or a total of 2,500
square miles about three weeks after receipt
of photography . Was this rate of produc-
tion consistent with the increased mobility
of the new Army? The Germans had their
maps ready before launching the blitzkrieg .
Had it not been so prepared, the German
Sixth Army would have required an average
of 750 miles of new mapping daily during
the period from May 10 to May 26 . Did the
American Army really need a map on so
large a scale as 1 : 20,000 at the high degree
of accuracy specified? Because of the short
time the photomap had been in existence it
could not yet be fully accepted as a substi-
tute for the battle map, but the speed with
which it could be produced (after the de-
livery of photographs) argued strongly for
assigning its preparation to army topo-
graphic battalions and base plants as well
as to corps topographic companies . It might
be desirable to relax the standards of ac-
curacy specified for photomaps, relegate the
preparation of the battle map to the base
battalion and base plants, and remove the
bulky multiplex equipment from the army
topographic battalion, thus increasing the
mobility of the latter organization and free-
ing it to concentrate upon photomap work .
Would it not be desirable also to lower the

standards of training now established for the
army topographic battalion? It seemed un-
necessary to place so much stress upon re-
finements and appearance .'

Banfill, in G-2 at this time, prepared a
study which the Engineers' questions had
touched off, and he discountenanced any
relaxation of standards . The mobility of the
new Army, ran his major premise, had not
only multiplied the area of map coverage
but had placed a greater premium on ac-
curacy. Because it preserved so much de-
tail, the scale 1 :20,000 was most "gen-
erally satisfactory." In order to serve all
military purposes, Field Artillery standards
would be adhered to. While conceding the
impossibility of attaining such accuracy in
concert with the Army's movement, Ban-
fill stressed the necessity for compiling large-
scale maps or photomaps of critical areas .
Neither the Air Corps nor the Corps of
Engineers was prepared to handle this job,
Banfill asserted, concluding gloomily that
"the wartime Engineer-Air Corps mapping
team contemplated by existing regulations
is substantially nonexistent ." 2F

At the end of May 1941, the Air Corps
and the Corps of Engineers were directed
to get together to devise a system of team-
work within the rules of the game as laid
down by G-2 . The rules were strict, stricter
indeed than those established by Army regu-
lation and field manual. Special Air Corps
units must cover the entire theater of opera-
tions by aerial photography before the entry
of ground troops. Plans would center on
production and distribution of maps and
photomaps at scale 1 : 20,000. Every topo-

2o Memo, Actg CofEngrs (Kingman) for ACofS
G-2, 11 Mar 41, sub : Mil Mapping Orgn and Pro-
cedure. G-2 file, 061 .01 .

26 Memo, Actg ACofS for G-2 CofS, 18 Apr 41,
sub : Maps and Terrain Intel in TofOpns . G-2 file,
061 .01 .
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graphic unit capable of preparing battle
maps would be kept on this type of work
and efforts would be made to increase the
output. The Corps of Engineers must fur-
,nish enough topographic troops to guaran-
tee continuous production of photomaps
at a rate of 10,000 square miles a day ."

Two weeks before issuing these instruc-
tions the War Department announced the
imminent activation of the Air Corps' 1st
Photographic Group, describing it as "a
unit of special purpose aviation, trained and
equipped for combat aerial photographic
operations ." Although less skillful work was
not necessarily excluded from its duties, the
1st Photographic Group was designed pri-
marily for mapping photography and for
such other -i-rial photography as was be-
yond the capability of observation and re-
connaissance squadrons." Just how much
Of the unit's work power was to be at the
{disposal of the Engineers and how much re-
tained by the Air Corps for its own badly
needed charting photography was as yet un-
determined . In commenting on the War De-
partment's mapping directive the Air Corps
oted that "part of this Group will

be equipped and trained as the Air Corps
member of the Engineer-Air Corps Map-
ping Team ." 2`9

In further comment on the directive, the
Air Corps joined the Engineers in question-
~ng the sanctity that had been bestowed
'upon the scale 1 : 20,000. Also known to
0-2 was the British opinion, based upon ac-
tion in France and North Africa, that a
scale 1 : 100,000 was about right in a mobile
situation . Against these doubts stood the
4ustom of World War I and the apparent
blessing of G-3 and the War Plans Division,
although just what WPD's concurrence
meant in this instance is a matter for con-
ecture. Less than three months after Brig .J

I
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Gen. Harry J. Malony approved the direc-
tive as chief of WPD's Plans Group, there-
by giving his approval to the widest possible
distribution of large-scale maps and map
substitutes, he joined the ranks of the skep-
tical as Deputy Chief, Army General Head-
quarters. Maps of scale 1 :20,000 were not
to be preferred for all troops in all situa-
tions, Malony asserted from GHQ. They
were "highly desirable" for infantry and
artillery on the defensive but not for a rap-
idly moving force .'

Agreeing that battle maps were of lim-
ited use in mobile warfare, Engineer and
Air Forces representatives questioned yet
other policies that they were supposed to use
as a basis for teamwork . If the General Staff
had areas other than the United States or
its possessions in mind, it had better dis-
card the idea that an entire theater of op-
erations could be photographed before the
entry of ground troops . Foreign countries,
even friendly ones, seldom permitted such
activities in peacetime. Once war broke
out, the weather and the enemy could be
counted upon to prevent any such sys-
tematic photography . To supply photomaps
at the rate of 10,000 square miles per day,
as the General Staff envisaged, was out of
the question . The entire plan to compile, re-
produce, and distribute maps and map sub-
stitutes on such a large scale was completely
uncalled-for anyway. Coverage must be
confined to areas of critical tactical impor-
tance . A less ambitious program was sug-
gested . During peacetime, the War Depart-

27 Ltr, TAG to CofEngrs and CofAC, 29 May 41,
sub : Maps and Terrain Intel in TofOpns. 061 (S) .

I Ltr, TAG to CofAC, 15 May 41, sub : Consti-
tution of the 1st Photo Group, Air Corps. 320 .2,
Air Corps, Pt. 2 .

21 Memo, ACofAC for Secy WDGS, 16 May 41,
sub : Gen Staff Memo, Maps and Terrain Intel in
TofOpns. G-2 file, 061 .01 .

40 (1) Ibid . (2) G-2 file, 061 .01 .
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ment should concentrate upon obtaining
photography for the preparation of aero-
nautical charts and maps needed for defense
of the Western Hemisphere . To this end all
the mapping facilities of the federal govern-
ment, both, civil and military, should be
placed under the control of a director of
surveys. In wartime and for peacetime
training the preparation of all battle maps
would be relegated to base topographic bat-
talions, photography to be supplied by spe-
cial photographic squadrons . Army top-
ographic battalions and corps companies
would concentrate upon map revision and
the preparation of photomaps and provi-
sional maps, photography to be furnished
by observation and reconnaissance aviation .
The proposed reply to the General Staff
gave unmistakable evidence of major con-
cessions to the Air Forces' point of view .
The phrase "map as you move" might never
have existed . Reconnaissance and observa-
tion aviation was deemed acceptable for
furnishing photography to field mapping
units ."

The joint recommendations, ready in
draft in late September 1941, were still in
the office of the chief of the AAF awaiting
final approval when the attack on Pearl
Harbor occurred. Lt. Col. Herbert B.
Loper, chief of OCE's Intelligence Branch,
attributed this inaction to the fact that Air
Forces officers who participated in the
study "carry no weight ." 32 The AAF was
to oppose steadfastly the establishment of
any additional authority such as the pro-
posed director of surveys ."

The October-November 1941 maneuvers
tended to bear out the general tenor of the
conclusions arrived at by Air Forces and
Engineer representatives in September and
to reveal as well a good deal about the com-
mon attitude toward maps . Following the
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decision to relegate precise mapping to base
topographic battalions, the Engineers
organized a light topographic battalion of
about 400 men for assignment to the field
army organization . In line with its simpli-
fied duties in preparing photomaps and tac-
tical maps and revising existing maps, the
new unit carried the portable stereocom-
paragraph instead of the bulky, delicate
multiplex. During the summer the 30th
Engineers, the Engineer Reproduction
Plant, and civilian lithographic firms pre-
pared the initial supply of maps for the
maneuvers. Major Rumaggi, commanding
the light topographic battalion, discovered
during the first month of operations that
distributing millions of maps in the field
was an overwhelming job . Because the bat-
talion had to stock tons of maps, it needed
a permanent structure from which to make
the distribution . For close co-ordination
with Air Forces photographic units, the best
location was near an airfield . Under these
circumstances, the battalion could not eco-
nomically accompany every minor move-
ment of army headquarters . The excessive
length of the reproduction trailers made
them difficult to drive and to conceal from
enemy observation. The Engineer Board
therefore decided to substitute van-type
trucks that were easier to handle and to
conceal . In November, after lending thirty
trucks to other outfits, the battalion settled
down at Fort Bragg and compiled and re-
produced large quantities of new photo-
maps which covered about one fourth of the

31 (1) Memo, CofEngrs for CofS, 23 Sep 41,
sub : Maps and Terrain Intel in TofOpns. 061 (S) .
(2) Ltr, TAG to CofEngrs and CofAC, 19 Jun 41,
sub : Obsvn Avn. AG file, 320 .2 (4-8-41) .

33 Memo, C of Intel Br OCE for Reybold, 15 Dec
41, sub : Joint Engr-AF Tech Comm. 061, Pt. 2 .

3' See below, pp. 451, 453-54.
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maneuver area . When other duties diverted
from 10 to 25 percent of its personnel from
technical work ., Rumaggi advocated an in-
crease in the strength of the unit. The T/O
which became effective the following April
raised the army topographic battalion to
5013 enlisted men .34

Loper meanwhile analyzed maneuver ex-
periences. The reproduction done by topo-
graphic units had been of unusually high
quality, but the units had been denied op-
portunities to perform photogrammetric
work for lack of aerial photography . Loper
concluded that aviation squadrons organi-
cally assigned to army and army corps were
inadequately trained and equipped to fur-
n~sh this photography even if they were un-
opposed by enemy forces. Because troops
had received immense quantities of maps at
the start, they made few additional demands
during the course of the exercises . The Engi-
neer Reproduction Plant, base battalions,
and commercial lithographic firms supplied
the Third Army alone with over 600 differ-
e t map sheets., comprising about 600 tons
o maps . The next month they furnished 30
maps to each officer in the combined ma-
neuvers of the Second and Third Armies,
and in October had about 200 sheets ready
for the First Army. These base plants had
thus assured an ample supply of maps, but
this very production deprived tactical map-
ping units of the chance to test their ability
to turn out maps under combat conditions .

The maneuvers also disclosed that troops
gave insufficient attention to their maps .
One exception was the IX Corps, which
a4cording to its Engineer, avoided a great
deal of road work by studying the maps
carefully. But in general other troops de-
pended too much on filling station road
naps, which contributed little to their train-
ing and which sometimes led to disturbing

431296 0-59--7
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consequences. Even with maps that con-
tained clearly marked road and bridge in-
formation, artillery units in the 1941
Carolina maneuvers overloaded and dam-
aged bridges by crossing first and inspecting
later. Through failure to record data show-
ing the location of important command
posts, traffic stations gave little help in trac-
ing troops in their vicinity . One observer
spent hours seeking the whereabouts of First
Army headquarters until he was informed
by an ice-cream vendor that it was in Troy,
South Carolina. Military police in that town
could not give specific directions to this post,
but a girl in their booth told the observer
how to get there .

Loper maintained that unit engineers and
staff officers needed training in map supply
and distribution, and decried their tendency
to demand special maps to suit personal idio-
syncrasies . During the Carolina maneuvers,
one observer reported : "Maps were plenti-
ful. In fact, there were too many kinds .
Everybody one talked to had a different
kind of map ." 35 This profusion of custom-
made maps not only slowed down produc-
tion but also caused confusion among their
users. In Loper's opinion, "standard sheet
sizes, geographical arrangement, scales and
content are essential to efficient map prepa-
ration, supply, and use . Types of maps must
be limited to those actually essential and the
preparation of special maps to meet the in-

34 (1) 1st Ind, 3 Sep 41, on Memo, ExO OCE
for CofS GHQ, 21 Aug 41, sub : Prov Topo Bn
for First Army Maneuvers . 320.2, Engrs Corps of,
Pt. 14. (2) T/O 5-55, Engr Topo Bn (Army), 1
Apr 42 .

Unless otherwise noted, the remainder of this
section is based upon correspondence in (1) 354 .2,
Pts. 7A, 9, 10, and 11, and (2) 061, Pt . 2 .

35 Memo, Maj Theodore T. Molnar for CofEngrs,
8 Dec 41, sub : Rpt of North and South Carolina
Maneuvers . 354.2, Pt. 11 .
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dividual desires of certain unit commanders
must be discouraged." "

At the same time Loper recognized the
futility of issuing maps which would not
be used. The rapid pace of the maneuvers
bore out GHQ's contention that there
would be little demand for large-scale maps
in mobile warfare . Artillerymen welcomed
detailed photomaps for locating enemy tar-
gets, but other troops remained apathetic
to them, pronouncing them "too bulky, too
heavy, too stiff ." 37 Some units did not even
open the cartons to examine them . Loper

PRINTING MAPS IN THE FIELD, CAROLINA MANEUVERS, 1941 . Trailer
equipped to make plates and print maps has a separate small trailer furnishing electricity for
the printing machine .
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believed that photomaps should be issued
automatically to the artillery only ; to others
on request. To cut down their weight and
bulk by 40 to 50 percent, he favored reduc-
ing their scale to 1 : 25,000 or less. As for
tactical maps, most troops preferred scales
of 1 :125,000 and 1 : 250,000 . Loper favored
the former because it was sufficiently large

'n Memo, C of Intel Br for CofEngrs, 9 Dec 41,
sub : Map Sup for 1941 Special Fld Exercises . 061,
Pt. 2 .
" Ltr, Capt Paul W. Thompson to Kingman, 7

Oct 41, sub : Army Maneuvers in Louisiana, 15-30
Sep 41 . 354.2, Pt. 10 .
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to cover an area of about 750 square miles
on a single sheet . Loper also concluded that
the only practical approach to preparing
maps of potential enemy areas consisted in
exploiting to the utmost maps already in
existence, depending upon aerial photog-
raphy for revision and for filling gaps in
coverage. Loper's conclusions struck a hope-
ful note in a situation that had been ren-
Oered frustrating by the AAF's inability to
upply planes and personnel for the exten-
ive precise mapping photography that the
eneral Staff had insisted was necessary .
he sights had been lowered not simply by

imitations imposed by the AAF but also as
4 result of observing the behavior of Ameri-
can troops in what was a reasonably close
approximation of battle conditions .

Camouflage for Open Warfare

Aerial photography opened up vast areas
enied to the ground surveyor but magni-
ed the difficulty of keeping military op-

p

rations secret:. It was still imperative for
soldiers to employ natural and artificial
cover. It was vastly more important to con-
ceal large concentrations of units and the
resence of installations such as airfields
hrough elaborate camouflage in order to
convey false information to aerial ob-
servers."

The AEF had met the need for camou-
flage in World War I by employing special
engineer units which supplied camouflage
materials and circulated among the field
armies as technical advisers. The field forces
they served were responsible for camouflag-
ng their own positions . These special troops
were disbanded at the end of the war . Em-
Ohasis reverted from protective conceal-
ment to parade-ground appearance . Cam-
puflage methods remained geared to earlier
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conditions of battle, ill-suited to mobile tac-
tics, and lagging behind advances in ob-
servation techniques . Regarding camouflage
as something for the experts to worry about
if war broke out, the other arms seldom
asked the Corps of Engineers for advice on
this subject during peacetime . Part of the
reason for this failure to consult the Engi-
neers may have been the fact that the Corps
had no clear-cut responsibility for camou-
flage. The Army regulation which spelled
out the Engineers' duties made no mention
of the subject . Yet since no other agency had
been charged with the functions carried out
by engineer troops during World War I, the
Corps naturally continued its interest, as-
suming that its general responsibilities for
supplying materials for the organization of
defense systems included camouflage ."

For a good many years the only person
who consistently devoted time and study to
camouflage was Lt. Col . Homer Saint-
Gaudens of the Carnegie Institute, an Engi-
neer Reserve officer who had been in charge
of camouflage for the Second Army in
World War I. Relating camouflage to the
other problems which troops encounter in
the field, Saint-Gaudens helped keep this
subject alive by contributing to training
manuals, teaching at the Engineer School,
and observing developments in foreign
armies. Following his recommendation, the
Engineer Board in 1937 set up a camouflage
section which Arnold directed in addition
to his mapping duties. By 1941 the study

"'Except as otherwise noted, the discussion of
camouflage is based upon : (1) OCE files, 467, SP
272, Pts. 1 and 2, and 467, SP 314, Pt . 1 ; and (2)
ERDL files, CM 272 A, CM 272 B, CM 329, and
CM 330 .

ss (1) Historical Report of the Chief Engineer
AEF, 1917-1919, pp . 68-78. (2) Rpt, Comm

on Camouflage, Engr Sch, 30 Nov 40, sub : Special
Course in Technique of Assault Opns . 352 .11, Engr
Sch, 6 70, Bulky. (3) AR 100-5, 6 Dec 21 .
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and testing of materials and techniques be-
came so intensive that this section required
ten full-time officers and a complement of
architects, designers, chemists, modelmak-
ers, and other craftsmen .40

In the interim the G-2 had been shocked
at the prevailing ignorance of camouflage
techniques that became evident at the spring
1940 maneuvers. "There is a tendency to
associate sprit-and-polish and Duco finished
equipment with morale," he advised the
Chief of Staff in June 1940 . "This idea is
believed to be false and detrimental to
training. Itt is also positively dangerous,
having as it does a tendency to defeat any
serious effort at concealment ." 41 The need
for education and for modernization of
camouflage methods to meet the challenge
of infra-red and color photography caused
the Generall Staff to clarify and publicize
the Engineers' responsibilities in this area .
On 29 June 1940 the War Department an-
nounced its intention to include assignment
of responsibility for the development of
techniques, :materials, and methods of train-
ing in camouflage in the next revision of the
appropriate Army regulation . There fol-
lowed a letter to the chiefs of the arms and
services and to corps area commanders
calling their attention to the deficiencies
noted at the maneuvers and designating the
Corps of Engineers as the service to which
they should look for guidance in raising the
level of performance ."

With the assistance of the photographic
section from Bolling Field and a small de-
tachment from the Engineer School, the
Engineer Board had reported in October
1939 on general requirements for wartime
camouflage. Following the system used in
World War I, base battalions would fabri-
cate materials in overseas theaters . Engi-
neer battalions assigned to field armies

would send out teams to instruct the troops
and inspect their work . The board also rec-
ommended flat-tops for concealing gun em-
placements from aerial observation. A
flat-top consisted of a cover of fishnet or wire
mesh, garnished with foliage or strips of
burlap, stretched over a framework of posts
and baling wire . Seen from the air, a prop-
erly garnished flat-top would blend with the
color, texture, and shadows of surrounding
terrain. For camouflaging vehicles, the
board found the best solution was to drive
them under cover . In areas where cover was
not available, the board suggested dispersing
the vehicles and spreading garnished nets
over them. Even if not completely hidden,
trucks, tanks, or other vehicles could be suf-
ficiently obscured to deprive the enemy of
clues to their purpose ."

Anticipating wartime shortages of mate-
rials required for camouflage, the board in
1939 tested the concealment properties of
cotton and pulp-paper fabrics used com-
mercially for vegetable sacking . This type
of material proved too transparent and
practically impossible to garnish . But the
board was able to substitute osnaburg-a
cotton cloth somewhat coarser than un-
bleached muslin-for burlap which was

40 (1) Ltr, ExO Engr Bd to CofEngrs, 4 Sep 37,
sub : Camouflage Practice in Foreign Armies . 467,
SP 204, Pt . 1 . (2) "Engineer Board Notes : Re-
search in Camouflage and Concealment Facilities,"
The Military Engineer, XXXIII (March-April,
1941), 121 . (3) Ann Rpt OCE, 1941 .

41 Memo, Actg ACofS G-2 for CofS, 7 Jun 40,
sub : Protective Coloration and Camouflage . G-2
file, 300.3 (AR 100-5) 2-10-41 (6-7-40) .

` (1) WD Cir 72, 29 Jun 40, sub : Protective
Coloration and Camouflage. (2) Ltr, TAG for
COs of Arms and Svs et al., 12 Jul 40, same sub .
AG file, 321 .7 (11-28-33), Case 1 .

" (1) Ann Rpt Engr Bd, 1939 . (2) Engr Bd Rpt
585, 18 Oct 39, sub : Gen Review of Camouflage
Procedure and Mats. (3) Engr Bd Rpt 562, 1 Feb
39, sub : Camouflage Equip for Vehicles .
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FLAT-TOP CONCEALING 3-INCH ANTIAIRCRAFT GUN EMPLACE-
MENT, 3d Army maneuver area, Louisiana, August 1941 .

made from imported jute . Like burlap, osna-
burg was also suitable for baling, sandbags,
~nd target cloth. Working in co-operation
lvith the Department of Agriculture, the
board developed special impregnants for
Preventing deterioration and damage to this
material by fire, mildew, and rot ."

From 1939 on, the board tested the effects
Of paints and colors on visibility . Study of
terrain throughout the country indicated a
need to stock only seven to nine colors . Of
these, olive drab promised the widest appli-
~.ation under most circumstances . In 1941
the Army applied the information by adopt-
~ng this color for numerous articles of wood,
metal, and cloth. But even with colors that
blended with the surroundings, the standard
paint had a conspicuous gloss . It was com-
bustible and required turpentine or linseed
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oil for thinning . After testing a number of
commercial products, the board recom-
mended a lusterless casein paint which could
be thinned with 50 percent water. It was
inexpensive, had good concealment quali-
ties, and reduced fire hazard, but it took
several days to become resistant to rain, and
when stored outside, froze in winter and
turned sour in summer. Since most casein
was imported, the board encouraged pri-
vate industry and the Federation of Paint,
Varnish, and Lacquer Production Clubs to
seek a substitute. The resulting product was
an inexpensive resin-bound cold-water paint
which dried rapidly and stored readily ."

a' Rpt cited n. 43 (2) .
45 (1) Engr Bd Rpt 585, 18 Oct 39 . (2) Ltr,

Arnold to ExO Engr Bd, 8 Aug 40, sub : Rpt of
Visit to Armd Center, 5-6 Aug 40 . ERDL file, SP
272 .
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Advances in observation techniques
meanwhile created a formidable new weap-
on against camouflage-infra-red photog-
raphy. Improvements in film now permitted
taking infra-red photographs from fast-fly-
ing aircraft . With infra-red filters and film,
artificial pigments photograph much darker
than the green of natural vegetation even
though they look the same to the eye . The
problem, then, was to get camouflage ma-
terials that both visually and photographi-
cally matched the colors of nature . The
board experimented with cut foliage, which
made ideal garnishing except that it
withered and required frequent renewal .
With help from the Department of Agri-
culture, some headway was made in pre-
serving cut plants ; however, the foliage did
not endure outdoors. The board was more
successful with infra-red paint . Having no
commercial demand, this product did not
exist before 1941 and had to be specially
developed . The board again profited from
research carried out by its own new labora-
tory and by the paint industry . By the fall
of 1941 it was possible to prepare casein
and resin-bound paints in standard colors
which could not be detected by infra-red
photography .

While working on these general problems,
the Corps of Engineers also developed spe-
cial camouflage equipment for other arms .
In 1939 Arnold reported on experiments
with two-dimensional decoys made from
strips of painted cloth which from high alti-
tude resembled silhouettes of aircraft on the
ground. By distracting attention from real
planes, they would lure the enemy into wast-
ing his efforts and expose him to antiaircraft
fire. To simulate shadows, panels of black
cloth were placed along the lighter silhou-
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ettes. These decoys were partially effective
against visual observation at 2,000 feet, but
to deceive the aerial camera and to avoid
the necessity of moving the shadow panels
to correspond with the position of the sun,
Arnold suggested elevating the silhouettes
onto frames ."

More intensive research on decoys for the
AAF as well as other arms came later. So
long as troops lacked guns, tanks, and planes
for training, it seemed frivolous to talk
about using decoys in battle . Thus in Au-
gust 1941, Maj . Lyle E. Seeman, chief of
the camouflage section at the Engineer
Board, explained to a display manufac-
turer : "The subject of elaborate dummies
as you outline, would be secondary to plac-
ing the real thing in the hands of a man to
defend himself. If and when a good bluff
will . . . be required, and whether that will
fall into our responsibility in camouflage
work, is a matter of conjecture ." 4z

Decoys were only incidental to the pro-
tection of actual military objects . Conceal-
ment of aircraft on the ground depended
largely on how effectively the airdromes
themselves were concealed . Aviation engi-
neers were trained to pay particular at-
tention to camouflage and dispersion, to
disturb the existing terrain as little as pos-
sible, to blend the runways with the rest
of the landscape, to build repair shops that
resembled farm buildings, and to erect flat-
tops and camouflaged sandbag barricades
at the edge of the field where dispersed air-
craft could be parked . If time permitted,

46Engr Bd Rpt 574, 16 Jun 39, sub: Silhouettes
for Aircraft .

47Ltr, Seeman to Jenter Exhibits and Display
Co., 11 Aug 41 . ERDL file, CM 329 .
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DUMMY PLANES IN POSITION, 1st Army maneuver area, October 1941 .

they would even lay out decoy airdromes to
divert the enemy from the real installation ."

Field artillery batteries needed camou-
flage that could be quickly applied when-
ever they moved . But flat-tops originally de-
signed for stabilized conditions took a long
time to set up. Garnishing the nets them-
selves was such a slow operation that troops
'Often disregarded concealment altogether
or flung bare netting over their parked ve-
hicles and emplacements . Although the
board had originally felt it preferable for
troops to paint and garnish their own nets
to match the local terrain, Saint-Gaudens
repeatedly advised simplification of work
in the field . It would be overly optimistic to
'expect troops to bother with elaborate con-
cealment measures in combat ; they had not
done so in World War I and they would not
now, he maintained . The board therefore
arranged to furnish precut colored strips of
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osnaburg as well as nets which were already
garnished in three standard blends of colors
for different terrains and seasons ."

Even with pregarnished nets, it took hours
to dismantle and set up flat-tops for artillery
48 (1) Ltr, Lt Col E . P. Sorensen, Actg Dir AC
Bd, to CofAC, 9 Oct 39, sub : Air Corps Bd Study
42, Shadow Shading of Airplanes, in Air Corps Bd
Study 42, 21 Jul 41 . 467, SP 314. (2) Col. Stuart
C. Godfrey, "Engineers with the Army Air Forces,"
The Military Engineer, XXXIII (November, 1941),
487-91 . (3) Maj. R. E. Smyser, Jr ., "Airdromes
for War," The Military Engineer, XXXIII (De-
cember, 1941), 556 .

49 (1) Info Bull 15, 14 Nov 38, sub : Camouflage .
(2) Lt. Col. Homer Saint-Gaudens, "Discussion,"
after Capt. P. Rodyenko, "An All-purpose Camou-
flage Net," The Military Engineer,' XXXIII
(March-April, 1941), 152 . (3) Memo, Saint-
Gaudens for Files, 7 Feb 41, sub : Investigation of
Engr Camouflage Through the Mil Attache at the
British Embassy and the British Mil Mission . . .
6 Feb 41 . ERDL file, CM 314 . (4) Memo, Steman
for Saint-Gaudens, 11 Oct 41, sub : Proc of Cam-
ouflage Mats. 467, SP 62, Pt. 1 . (5) Engr Bd Rpt
656, 15 Jan 42, sub : Camouflage Mats and Equip .
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emplacements. Low trajectory firing left
blast marks on the ground, requiring either
painstaking precautions or changes in posi-
tion to avoid detection . Antiaircraft guns
were even more troublesome to conceal
because they had to be mounted in the open
to secure complete traverse and elevation ."

Realizing that modern warfare required
faster means of concealment, the board
started to revise the artillery frame in Janu-
ary 1941 . Saint-Gaudens, just given charge
of camouflage at OCE, submitted details
about a prefabricated frame for a 30x30-
foot net that the British were using . He had
seen a crew erect it in eight minutes, and
when ready to fire, clear the net from the
gun by releasing a switch . After experiment-
ing with various flat-top structures, the
board adapted the British model for the 3-
inch gun. In place of bulky wooden posts
which the old type of flat-top required, the
new set used iron pipes which fitted into
sockets welded on the outriggers of the gun
and which were further secured by guy wires
fastened to stakes . Because the British net
was too small to conceal both gun and crew,
the board added two nets measuring 14x29-
feet each. A crew could now camouflage a
gun in fifteen to twenty minutes, clear away
the net in ten seconds, and reuse the same
frame about a hundred times. The principle
of knocked-down prefabricated sets was fur-
ther applied during the war to the conceal-
ment of other artillery pieces and even to
small aircraft ."

For several years the Engineer Board,
upon requests by the infantry, had also in-
vestigated the use of small nets for conceal-
ing individual soldiers on duty as scouts and
snipers. Such nets were helpful so long as
soldiers remained motionless but hindered
combat activity by catching onto weapons
and equipment . Arnold believed it simpler

to break the form of the helmet with foliage
and to darken the face and hands with
dirt." Meanwhile reports from abroad de-
scribed special camouflage suits and helmet
covers. In 1940 the board began to experi-
ment with mottled garments which blended
with foliage, fields, and grass, and in the fall
of 1941 sent samples to the Infantry and
Armored Force . At first, adoption of these
suits was resisted because they lacked the
snappy appearance of regular uniforms.
Although the commander of the Hawaiian
Department believed that such garments
would benefit forces on the beaches or in
tropical vegetation, the Chief of Infantry
doubted that any "self-respecting Army
would wear suits like that." 53 On First
Army maneuvers that fall, some lookouts
hid their suits rather than bear the taunts of
fellow soldiers, but other forward' observers
that wore them evaded discovery from
tanks that passed within a few yards . In
December 1941 the Infantry and Armored
Force Boards, while recommending changes
in tailoring, reported favorably on the idea
of camouflage clothing. Special suits of this
type were issued during the war, and some
troops painted their fatigues in mottled
patterns ."

However ingenious these measures were,
their value in the last analysis depended
upon the using arms . Interest flagged when

'Info Bull 15, 14 Nov 38, sub : Camouflage .
61 (1) Info Bull 42, 11 Mar 40, sub : Camouflage.

(2) Engr Bd Rpt 675, 16 Mar 42, sub : Camouflage
Net Set for Light and Medium Fld Arty Batteries .
52 Engr Bd Rpt 572, 29 May 39, sub : Camouflage
Nets of Individuals ." Memo, Maj R. P. Breckenridge, Engr Bd, for
File, 12 Nov 41, sub : Memo of Conf OQMG, 11-
7-41. ERDL file, CM 330 .
54(1) Armd Force Bd Rpt P-185, 11 Dec 41,
sub : Camouflage of Individuals . 467, SP 330, Pt . 1 .
(2) Inf Bd Rpt 1280, 3 Dec 41, sub : Individual
Camouflage Suits . Same file .
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SOLDIERS CAMOUFLAGED WITH INDIVIDUAL NETS

it was found that camouflage involved work
and foresight. Even when natural cover and
artificial materials were available, troops on
,maneuvers generally failed to use them .
'They left their nets in cartons, or set them
up incorrectly ; they concealed against
lateral, but not overhead, observation ; they
double-parked long lines of vehicles
bumper-to-bumper ; and they failed to ob-
serve blackout regulations . No doubt the
exaggerated rapidity of operations as well
as the virtual absence of aircraft tended to
minimize the incentive to camouflage on
these exercises. In addition, observance of
camouflage in training seemed superfluous
to troops who could not sense any immedi-
ate and visible danger. What they neglected
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to practice they expected to apply, in battle .
The Engineers knew this type of thinking
would result in initial casualties, but so
long as camouflage discipline was a com-
mand decision, there was little they could do
beyond extending the scope of instruction in
this subject to the other arms ."

55 (1) Memo, ExO OCE for Kingman, 8 May 40,
sub : Rpt on the IV Corps Maneuvers at Ft. Ben-
ning. 354.2, Pt. 7A. (2) Ltr, Kingman to TAG, 12
Jun 40, sub : Rpt of Obsvrs on Spring Maneuvers .
Same file. (3) Rpt, Comm on Camouflage, Engr
Sch, 30 Nov 40, sub : Special Course in, Technique
of Assault Opns . 352 .11, Engr Sch, 670,', Bulky . (4)
Memo, Gorlinski, AC of O&T Br, for Fowler, 4 Dec
41, sub : First Army Maneuvers, 22-28 Nov 41 .
354.2, Pt. 10 . (5) Ltr, Kingman to TAG, 28 Oct
41, sub : Activation of Additional Camouflage
Bns. 320.2, Engrs Corps of, Pt. 14 .
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